Objective: To investigate longitudinal change in the medical decision-making capacity (MDC) of patients with amnestic mild cognitive impairment (MCI) under different consent standards.
functional abilities relative to cognitively healthy older adults. [1] [2] [3] 8 The longitudinal course of such functional restrictions has received less attention. [9] [10] [11] [12] Medical decision-making capacity (MDC) (also referred to as treatment consent capacity or consent capacity) is a higher-order functional capacity. It refers to an individual's cognitive and emotional capacity to accept a medical treatment, refuse treatment, or select among treatment alternatives. 13 Declining consent capacity in MCI patients poses important clinical, legal, and ethical challenges, 14 because these patients increasingly are treated pharmacologically and are involved in clinical research trials. 15, 16 Thus, longitudinal investigation of MDC among patients with MCI has scientific, clinical, and public policy value.
Recent studies suggest that measurable decline in MDC occurs over time in MCI patients. In a cross-sectional study, 8 we found that patients with MCI exhibited significant impairments on complex and clinically relevant consent standards of appreciating the consequences of a treatment choice, providing reasoning for a treatment choice, and understanding the treatment situation and choices. In addition, in a 2-year longitudinal study, 17 we found that mild AD patients demonstrated significant decline on these three complex standards.
In the present study, we investigated MDC over a 3-year period in a sample of older controls and patients with MCI. We hypothesized that (1) relative to controls, MCI patients would demonstrate declines on the three complex consent standards but not on simpler consent standards; and (2) that conversion from MCI to AD would be associated with a decrease in scores, and an acceleration in subsequent rate of decline, on the three complex standards. Control participants were cognitively healthy older adults who underwent neurologic, neuropsychological, and neuroradiologic evaluations to ensure absence of medical and psychiatric conditions that could compromise cognition. Their Mini-Mental State Examination (MMSE) 18 scores ranged from 25 to 30, and their Dementia Rating Scale, second edition (DRS-2), 19 total scores ranged from 124 to 144.
MCI participants were either patients who presented for clinical evaluation through the UAB Memory Disorders Clinic or community volunteers recruited into the ADRC. Diagnosis of MCI was made using original Petersen/Mayo criteria 20 (appendix e-1 on the Neurology ® Web site at www.neurology.org). MCI participants in the present study were all of the amnestic subtype. Their MMSE scores ranged from 22 to 30, and their DRS-2 total scores ranged from 113 to 142.
Informed consent was obtained from all control and MCI participants as part of this institutional review board-approved research. . Therefore, members of cohort 1 have completed baseline assessment and 3 subsequent annual follow-up assessments, members of cohort 2 have completed baseline assessment and two subsequent annual follow-up assessments, members of cohort 3 have completed baseline assessment and one subsequent annual follow-up assessment, and members of cohort 4 have only completed baseline assessment. In addition, members of any one cohort were not enrolled simultaneously but rather over the course of the cohort year. Thus, depending on when "data freeze" occurred before analyses, persons belonging to the same annual cohort may not have the same number of annual follow-up assessments. Although such a recruitment approach results in unbalanced data, modern statistical approaches have been developed for analyzing such data and reducing, to the extent possible, any potential bias due to the imbalance (see Data analyses section).
Study design and longitudinal
Of the 204 participants who completed a baseline evaluation, 133 (71 controls, 62 MCI) subsequently had a first annual follow-up evaluation, 79 (37 controls, 42 MCI) subsequently had a second annual follow-up evaluation, and 23 (12 controls, 11 MCI) subsequently had a third annual follow-up evaluation. The variability in sample size across time is not due to attrition but rather reflects the fact that participants were recruited in annual cohorts and on a rolling basis within each cohort, as described above.
Participants' diagnostic status across time.
Of the 116 patients with MCI, 22 (19%) progressed to AD during the period they were under observation. Of the 88 cognitively healthy control participants, 9 (10.2%) received a follow-up diagnosis of MCI during the period they were under observation.
Consent capacity measure. Consent capacity was assessed
with the Capacity to Consent to Treatment Instrument (CCTI), 14 a reliable and valid instrument for assessing MDC in older adults. 14, 21 The CCTI consists of two clinical vignettes that each present a hypothetical medical problem (A: neoplasm, B: cardiovascular disease) and symptoms, and two treatment alternatives with associated risks and benefits. The vignettes were presented to patients in both oral and written formats, and the patients then answered questions designed to test consent capacity under each of four core consent standards derived from legal and medical literature 22, 23 : S1: expressing a treatment choice (expressing choice); S3: appreciating the consequences of a treatment choice (appreciation); S4: providing rational reasons for a treatment choice (reasoning); and S5: understanding the treatment situation, treatment choices, and respective risks/benefits (understanding).
In addition, we tested a fifth standard described as making the "reasonable" treatment choice [S2]. [S2] is not a clinically accepted consent standard because of concerns about the arbitrariness of the operative term reasonable. 22 However, it is a useful standard in research because it contributes to our understanding of the treatment preferences of patients with neurocognitive disorders. Therefore, we treat [S2] (reasonable choice) as experimental and use brackets to distinguish it from the four core consent standards.
Data analyses. Group differences on baseline demographic, clinical, and CCTI variables were examined using one-way analysis of variance or 2 /Fisher exact tests.
To examine differences in trajectories of change in MDC across MCI and control participants on the four interval-level standards (S1, S3, S4, and S5), we fitted separate random coefficient regressions that modeled changes in performance on these standards across the four time points under consideration. 24, 25 Random coefficient regression, also called individual growth curve modeling, provides a robust and very flexible approach to analyzing longitudinal data. It easily accommodates variability in the number and spacing of assessment points across study participants. [25] [26] [27] In addition, because random coefficient models assume that each individual's observed scores are a random sample of data from their underlying true growth curve, 25, 27 they facilitate analyses that include all participants, even those with only one wave of data. 25 The random regression models we fitted included terms for group, time, and the group ϫ time interaction (appendix e-2). Group differences in trajectories of change on [S2] were tested using generalized estimating equations. For all trajectories of change analyses, the interaction was the primary term of interest because it would indicate whether rates of change in MDC across time differ between MCI and control participants.
To test the effect of conversion to dementia on MDC trajectory, we fitted another set of random coefficient regressions in which group membership was treated as a time-varying variable, to capture the fact that conversion entails a change in a person's diagnostic status across time. These set of analyses included terms for conversion (a time-varying variable indicating diagnostic status at each assessment point), time, and the conversion ϫ time interaction. Baseline diagnosis was entered as a covariate. The terms of interest in these analyses were conversion and the conversion ϫ time interaction. A significant conversion term would indicate that conversion affects the elevation of the trajectory (e.g., it results in a loss of points on the standard under investigation), whereas a significant conversion ϫ time term would indicate that conversion affects the slope of the trajectory (e.g., it accelerates subsequent rate of decline on the standard being tested). Because it is a contradiction in terms for conversion to occur at the baseline assessment, the time variable was recentered at the first annual follow-up, the earliest time point at which conversion may occur, to preserve the meaningfulness of the models' coefficients. 25 All analyses were performed using SAS 9.1 (SAS Institute Inc., Cary, NC). Only findings with a two-tailed p value Յ 0.05 were considered significant.
RESULTS Baseline demographic, clinical, and CCTI
variables. Table 1 shows the result of group comparisons on baseline demographic, clinical, and CCTI variables. As expected, MCI patients differed significantly from controls on all measures of global mental status and dementia staging. MCI patients also were older, reported significantly more depressive symptoms, and were composed of proportionately more African Americans than controls. On the CCTI, MCI patients performed worse than control participants only on appreciation (S3), reasoning (S4), and understanding (S5), which are the more complex and clinically relevant consent standards. 21 Group differences in trajectories of change in MDC. Consistent with these unadjusted group differences in CCTI performance at baseline, the random coefficient regressions revealed that MCI patients evidenced significantly worse consent abilities at baseline relative to control participants on appreciation (S3), reasoning (S4), and understanding (S5) after controlling for group differences in age, depressive symptoms, and race. This is shown by the effect for control in table 2.
After adjusting for group differences in race, baseline age, depressive symptoms, and CCTI scores, MCI patients had a significantly greater rate of decline in MDC only on understanding (S5). On average, there was a 0.79-point annual decline in MCI patients' understanding abilities, as shown by the estimate for time in table 2. In contrast, control participants experienced a 0.61point annual increase in understanding, as shown by the sum of the estimates for time and control ϫ time in table 2. Figure 1 illustrates the relationship between diagnostic group and change in understanding over the four assessment points.
The generalized estimating equations performed to assess rates of change on [S2] did not converge to an admissible solution because, at all four assessment points, all control participants successfully performed the task assessed under this standard, resulting in cells with zero counts. Consequently, we reanalyzed the data by using the Fisher exact test to assess group differences in the proportion of individuals who could not perform the [S2] task (appendix e-3).
Effect of conversion to dementia on MDC trajectory.
After adjusting for baseline diagnosis, we found that conversion at the first annual follow-up significantly affected the elevation of an individual's growth curve on understanding (S5) but not on any other CCTI standard, as shown by the conversion term in table 3. For example, an MCI patient who converted to AD at the first annual follow-up experienced, at the same time, a loss of 3.07 points on understanding. There was a nonsignificant trend for conversion at the first annual follow-up to be associated with a loss of 1.06 points on the reasoning standard.
Furthermore, after conversion to dementia, there was an acceleration in an individual's subsequent rate of decline in understanding, as shown by the conversion ϫ time term in table 3. To illustrate, nonconverting MCI patients' performance on understanding decreased an average of 0.51 points (1.21-1.72) per year. In contrast, for the MCI patient who converted to AD at the first annual follow-up, her subsequent (i.e., postconversion) rate of decline in understanding was 2.23 points [1.21 Ϫ (2 ϫ 1.72)] per year. This impact of conversion to AD, at the first annual follow-up, on the elevation and slope of a converting MCI patient's understanding growth curve is depicted in figure 2. DISCUSSION A high proportion of MCI patients eventually progress to some form of dementia. 4, 28 Because functional impairment is a defining feature of *These analyses were performed on 204 baseline assessment data points, 133 first annual assessment data points, 79 second annual assessment data points, and 23 third annual assessment data points. All models included race, baseline age, baseline depressive symptoms, and baseline scores on the CCTI standard (except for S1) as covariates. dementia, 6 individuals with MCI are accordingly at increased risk for progressive functional decline. In this study, we longitudinally investigated functional change in MCI by focusing on MDC, a critically important functional domain in the dementia spectrum. 14 We found that, compared with cognitively healthy older adults, patients with MCI had significantly poorer MDC at baseline on the complex and clinically relevant consent standards of appreciation (S3), reasoning (S4), and understanding (S5). These findings persisted after adjusting for group differences in age, depressive symptoms, and race. Patients with MCI did not differ from controls on the simple consent standards of expressing choice (S1) and reasonable choice [S2]. These findings replicate an earlier cross-sectional examination of MDC among patients with MCI by our research group. 8 The data analyzed in that investigation 8 are a subset of those analyzed in this article. We hypothesized that, compared with controls, patients with MCI would exhibit longitudinal de-clines on the complex standards of appreciation (S3), reasoning (S4), and understanding (S5). However, over the 3-year study period, decline emerged only on understanding. It is not surprising that understanding was the standard showing decline. As assessed using the CCTI vignette method, this standard requires comprehensive factual knowledge and understanding of the treatment situation and choices, and, accordingly, relies heavily on intact short-term verbal memory. 8, 21, 29 The reliance on short-term memory makes it a uniquely challenging standard for persons with AD and related dementias. 8, 14, 17, 21 The selective decline in understanding is, therefore, consistent with the cardinal amnestic deficits of patients with MCI. 4, 29, 30 This interpretation is supported by longitudinal studies of cognitive change in MCI that have demonstrated greater rates of decline in episodic and semantic memory relative to other cognitive abilities. 27, 31 These findings provide insights into how MDC declines in MCI. Essentially, MDC decline seems to be a slow but detectable process, with cumulative change building over time. At baseline, the control and MCI groups already differed on the three clinically relevant standards (S3, S4, and S5), indicating that group separation (i.e., functional change) was under way before study onset. However, significant decline over the 3-year period emerged on only the most complex and memory-intensive consent standard: understanding. It is likely that a longer observational period is needed to 
Figure 2
Effect of conversion, from MCI to AD at the first annual follow-up evaluation, on S5 performance in a prototypical MCI patient A represents a prototypical mild cognitive impairment (MCI) patient's slope before conversion. B represents the decrease in understanding that occurs for this patient after conversion to Alzheimer disease (AD) at the first annual follow-up evaluation. C represents what this patient's slope would have been had she not converted to AD. Note that this slope has the same inclination as her preconversion slope. D represents this patient's slope after she converted to AD. Note that this slope is considerably steeper than her preconversion slope. This analysis was performed on 204 baseline assessment data points, 133 first annual assessment data points, 79 second annual assessment data points, and 23 third annual assessment data points.
detect declines in reasoning, appreciation, and the simpler consent abilities. The study also examined the impact of conversion from MCI to dementia on the longitudinal trajectory of MDC. We found that when a prototypical MCI patient converted to AD at her first annual follow-up assessment, she experienced an associated loss of 3.07 points on the understanding standard. In addition to this associated decrease in performance, she also experienced acceleration in the rate of postconversion decline in understanding. In contrast to her preconversion 0.51-point annual decrement in understanding, she now experienced an average 2.23-point annual decrement in understanding after conversion. This suggests that MCI patients become increasingly vulnerable to decisional impairment after conversion to AD. From clinical and ethical standpoints, therefore, clinicians and researchers working with the MCI population should pay particular attention to the consent process when conversion to AD is suspected or established. 32, 33 Reduction of information load, repetition of materials, involvement of family members, and other procedures for optimizing the consent provided by persons with cognitive impairment have been detailed elsewhere. 8, [34] [35] [36] The present study contributes to understanding the natural history of functional change in MCI. Prior studies [9] [10] [11] [12] have examined longitudinal changes in functional abilities in MCI using generic selfreport measures of functional ability such as the Lawton and Brody Instrumental Activities of Daily Living Scale. The convergent evidence from these studies indicates that persons with MCI experience increasing levels of difficulty in the performance of daily activities over time, that restriction in complex activities of daily living precedes limitations in more basic functional abilities, and that MCI patients who demonstrate functional difficulties at baseline have a higher risk of progressing to dementia over time. [9] [10] [11] [12] We built on these studies by using a performancebased instrument that decomposes a specific functional domain-MDC-into component abilities. We found that the consent ability of understanding declined over 3 years, whereas other consent abilities remained more stable. This approach reflects current attempts to delineate specific functional abilities that are susceptible to decline in MCI 5,37 using structured assessment protocols. 30, 38 The present study also demonstrated that conversion impacts the elevation and slope of functional trajectories in MCI, a phenomenon not previously identified. Reassessing an MCI patient's higher-order functional abilities at the time of AD diagnosis may be prudent to ensure that the patient's autonomy is adequately safeguarded. 39 In a similar vein, the ability to prevent, decelerate, or reverse (higher-order) functional restrictions among persons with MCI might be considered a target outcome for pharmacologic trials and other intervention studies.
A limitation of the present study is the relatively lower proportion of participants who had undergone second and third annual follow-up assessments. Although random coefficient regression is quite robust to imbalance, [25] [26] [27] balance facilitates the precision with which model parameters are estimated. Thus, it will be useful to revisit the analyses reported here at a time when more data are available across more time points. Secondly, because our study only included amnestic MCI patients, we do not know whether the findings generalize to other MCI subtypes. There is some evidence to suggest that trajectories of functional change may vary by MCI subtype. 10 Finally, we acknowledge that the treatment consent abilities exhibited by individuals facing real, personal medical problems might differ somewhat from those used in relation to research involving hypothetical vignettes. Nonetheless, vignette-based MDC instruments are widely used in dementia research 13, 14, 33 and have demonstrable face, content, and construct validities. 40 
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